I n t r o d u c t i o n I n t h i s work we have s t u d i e d t h e l a s e r i n d u c e d s u r f a c e melting of a c a s t -i r o n and
o f a high-carbon a l l o y s t e e l , with p a r t i c u l a r a t t e n t i o n t o t h e metastable phases produced i n t h e melted zone.
Materials and procedure
The following m a t e r i a l s have been u t i l i z e d :
-p e a r l i t i c c a s t -i r o n ( i n wt.%: C=3.1, Si=2.16, Mn=0.50, ~= 0 . 0 4 1 , P = o . o~~) ; -AISI A2 s t e e l ( i n wt.%: C=l .O, Cr=5.3, Mn=0.7, Si=0.3, Mo=l .O, ~= 0 . 2 ) , which have been l a s e r t r e a t e d according t o t h e parameters of Table I ( s t e e l ) and of Table I1 ( c a s t -i r o n ) .
The treatment parameters have been chosen a f t e r s e v e r a l t e s t s , l a c k i n g t h e o r e t i c a l and experimental d a t a , i n ranges t o o b t a i n thermal t r a n s i e t s l e a d i n g t o hyperquen=d ched s t r u c t u r e s i n t h e s t e e l ( e s t i m a t e d quenching-rate 10 f lo5 OC/s) and t o a nonequilibrium s o l i d i f i c a t i o n i n t h e c a s t -i r o n ( e s t i m a t e d c o o l i n g -r a t e 4 0 2 OC/s i n t h e s o l i d i f i c a t i o n r a n g e ) . Table I . Operating conditions i n t h e s t e e l treatment.
Sample
Nominal Speed Spot S p e c i f i c I n t e r a c t i o n Power Power Time 2
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1983573 The treatments have been carried-out a t t h e R T M I n s t i t u t e (Vico Canavese, ~o r i n o ) with a continuous CO l a s e r by AVCO (X=10.6 pm and nominal output power a d j u s t a b l e 2 between 1 and 15 kW). The e f f e c t i v e power on t h e sample surface was measured, before each treatment, with a cone calorimeter. The power values reported i n Tables I and I1 a r e t h e e f f e c t i v e ones. The cast-iron samples were coated with manganese phosphate, whereas t h e s t e e l samples were coated with graphite, i n order t o reduce t h e r e f l e c t iv i t y .
After t h e l a s e r treatment t h e samples have been examined by o p t i c a l and scanning e l e c t r o n microscopy, X-ray d i f f r a c t i o n and Mijssbaudr spectroscopy, u t i l i z i n g t h e Xray backscattering method.
Results and discussion

AISI A2 s t e e l
The l a s e r parameters of Table I have been u t i l i z e d t o obtain melted l a y e r s i n t h i s s t e e l . The micrographical examinat i o n allowed t o single-out t h r e e zones, which t y p i c a l l y appear i n .the high-power l a s e r surface melting: a ) o u t e r , with d e n d r i t i c a u s t e n i t e u n i d i r e c t i o n a l l y lined up with t h e cooling d i r e c t i o n , carbides and f e r r i t e ; b ) middle, with mainly compact a u s t e n i t e ; c ) i n n e r , t h e thermally a l t e r e d zone.
The d e n d r i t i c g r a i n s i z e diminishes by increasing cooling-rate b u t , generally, t h e d e n d r i t i c s t r u c t u r e follows a f i r s t s o l i d i f i c a t i o n l a y e r of compact c e l l u l a r b )
a u s t e n i t e . The thickness of t h i s l a y e r a )
increases by increasing t h e i n t e r a c t i o n v a r i e s , giving t h e compactaustenitewhen t h e temperature of t h e melt exceeds t h a t of t h e solid-melt i n t e r f a c e ( p o s i t i v e thermal g r a d i e n t ) . Conversely, t h e columnar growth occurs with a melt temperature lower than t h a t of t h e i n t e r f a c e (negative thermal g r a d i e n t ) / l / . I n t h e s t u d i e d s t e e l , t h e r e f o r e , t h e melted zone solif i e s according t o two w e l l defined thermal regimes: t h e one, which o r l g i n s t h e c e l l u l a r a u s t e n i t e , and t h e o t h e r , which o r i g i n s t h e d e n d r i t i c s t r u c t u r e . The opera- t i n g conditions d i r e c t l y influence these two p o s s i b l e thermal regimes: t h e higher t h e absorbed energy i s , t h e more e a s i l y t h e c e l l u l a r a u s t e n i t e growth even up t o t h e whole s o l i d i f i e d l a y e r i s obtained. The surface s t r u c t u r e i n s t e e l samples 1 and 4 a r e shown i n Figs. l a ) and l b ) respectively.
The thicknesses of melted l a y e r and t h a t of c e l l u l a r a u s t e n i t e a s a function of t h e i n t e r a c t i o n time, shown i n Fig. 2 
Confirmation of t h e predominance of y Fig. 2 . Thickness of the s t e e l melted phase i n t h e surface of a l l t r e a t e d samples 
The purpose of t h e treatment was t o transform t h e surface l a y e r from gray t o white cast-iron i n order t o increase h i s hardness. The obtained s t r u c t u r e i n t h e melted zone r e s u l t e d a c t u a l l y a mixing of l e d e b u r i t i c e u t e c t i c and variously trasformed primary a u s t e n i t e . The thermal t r a n s i e n t was adjusted t o give a cooling-rate low enough t o avoid a finehyperquenchedaggregate /2/and t o produce only a d e n d r i t i c s t r u c t u r e . I n t h i s case, t h u s , t h e s o l i d i f i c a t i o n of t h e melted zone occurred according t o a thermal regime with a persevering negative g r a d i e n t . Variations of operative parameters within t h i s thermal regime give r i s e only t o d i f f e r e n t g r a i n s i z e of d e n d r i t e s , a s observed f o r t h e samples 1
and 5 , Figs. 3a) and 3b), respectively. The d e n d r i t e g r a i n s i z e depends, indeed, both on t h e temperature a) b )
Fig. 3. E f f e c t of cooling-rate on the grain s i z e of cast-iron: a ) sample I ; b ) sample 5 (O.M.).
of t h e m e l t / 3 / and on t h e cooling-rate /4/. Table 11, carried-out by varying t h e i n t e r a c t i o n time, have confirmed t h a t t h e obtained struct u r e s agree with those suggested by t h e t r a d i t i o n a l cast-iron CCT curves. The l a s e r operating conditions, t h e r e f o r e , may be adjusted t o influence a l s o t h e s o l i d -s t a t e transformation of t h e metastable a u s t e n i t e obtained by s o l i d i f i c a t i o n . Fig. 4 shows an example of t h e transit i o n zone i n sample 1 , were l i t t l e i s l a n d s of f i n e p e a r l i t e , t e s t i f y i n g a low cooling-r a t e , a r e observable. W e may recognize Fig. 4 . T r a n s i t i o n zone i n t h e c a s t -i r o n sample 1 (O.M. ). quenched s t r u c t u r e s ( m a r t e n s i t e , r e t a i n e d a u s t e n i t e and i n f e r i o r b a i n i t e ) both i n t h e melted and i n t h e t r a n s i t i o n zones of samples which underwent a higher cool i n g -r a t e , a s shown, f o r example, i n Figs. 5 a ) and 5b ) .
After s o l i d i f i c a t i o n , t h e transformation of primary a u s t e n i t e and of l e d e b u r i t e l e a d s t o a f i n a l s t r u c t u r e which, together with t h a t of thermally a l t e r e d zone, i s a consequence of t h e d i f f e r e n t cooling-rates due t o t h e thermal gradient between surface and cold s u b s t r a t e . The t e s t s of
MEssbauer spectroscopy
A s it i s w e l l known, t h i s technique allows t o i n v e s t i g a t e t h e s u r f a c e phase d i s t r i b u t i o n , being each phase character i z e d by a w e l l defined subspectrum, whose r e l a t i v e a r e a i s p r o p o r t i o n a l t o t h e mean phase concentration i n t h e examined l a y e r (about 20 ym).
The sample 5 of c a s t -i r o n , which from X-Ray d i f f r a c t i o n a n a l y s i s r e s u l t s t o h a v e a h i g h a u s t e n i t e c o n t e n t , gives t h e spectrum shown i n Fig. 6 a ) . The subspect r a correspond t o cementite (magnetic s i x -l i n e component), phosphate FePO,, due t o t h e c o a t i n g ( a doublet with isomer s h i f t 6 s 0.4 mm/s and quadrupole s p l i tt i n g A -0.7 mm/s), a u s t e n i t e (sum of a s i n g l e t with 6 " -0.8 mm/s and of a doub l e t with 6 " 0.0 mm/s and A " 0.6 mm/s) and a low-intensity broad s e x t e t of f e r r i t e . The f e a t u r e of t h e a u s t e n i t e subspectrum allows t o e v a l u a t e t h e carbon content from t h e r e l a t i v e a r e a s of t h e doublet ( i r o n atoms a f f e c t e d by carbon atoms n.n. ) and of t h e s i n g l e t ( i r o n atoms u n a f f e c t e d by carbon atoms n.n.). It has been shown, indeed, t h a t t h e doub l e t r e l a t i v e a r e a corresponds t o s i x times t h e carbon atoms concentration /5/.
The a p p l i c a t i o n of t h i s method t o sample 5, f o r example, gives about 1 .8 wt . % carbon i n t h e a u s t e n i t e .
The a n a l y s i s of t h e MBssbauer s p e c t r a of t r e a t e d s t e e l specimens l e a d s t o a s c e r t a i n t h a t t h e c e l l u l a r a u s t e n i t e i s carbon o v e r s a t u r a t e d . The spectrum of sample 1 i s shown i n Fig. 6 b ) , a s an example. W e recognize a magnetic complex s t r u c t u r e ( s u p e r p o s i t i o n of s e v e r a l sext e t s due t o t h e v a r i e t y of c o o r d i n a t i o n o f iron-alloying elements i n t h e hyperquenched S t r u c t u r e ) and t h e paramagnetic a u s t e n i t e , with a c o n s i s t e n t doublet having r e l a t i v e a r e a which g i v e s about 
The fuZZ Zine i s the computed b e s t -f i t o f totaZ spectrum, whereas t h e dashed l i n e s are t h e computed subspectra.
1.5 wit.% carbon. A contribution of the coating graphyte to this high-carbon value in austenite is not to be excluded, although similar values have been found also after mechanical removal of material up to about 200 pm on the same sample.
The presence in the steel of oversaturated austenite, which may be destabilized by tempering /6,7/, is a proof that the cooling-rate has been much higher than in the cast-iron case, leading to strong inhiEition of the y + a transformation.
